The generation of a space charge in polymeric dielectric material under DC voltage stress is known to be affected by cross-linking byproducts, moisture, and the physical properties of materials such as the density, melt flow rate, and crystallinity of polymeric materials. Space charge profiles in both materials are examined to study space charge generation in cross-linked polyethylene (XLPE) and ethylene propylene copolymer (EPR). The authors performed an experimental study to examine the appearance of the space charge generation in XLPE and EPR.
The generation of a space charge in polymeric dielectric material under DC voltage stress is known to be affected by cross-linking byproducts, moisture, and the physical properties of materials such as the density, melt flow rate, and crystallinity of polymeric materials. Space charge profiles in both materials are examined to study space charge generation in cross-linked polyethylene (XLPE) and ethylene propylene copolymer (EPR). The authors performed an experimental study to examine the appearance of the space charge generation in XLPE and EPR.
Measurements of space charge profiles were performed on original (not-pretreated) non-added XLPE and EPR samples with remnant cross-linking byproducts and moisture, on samples put in a desiccator with RH 100% to absorb moisture, and on samples soaked in acetophenone after they were dried in an evacuated oven. Charge profiles were measured using PEA method applying 20 kV ·mm -1 DC voltage stress. As in the previous experiment (1) , in the original samples containing crosslinking byproducts and moisture, the negative heterocharge was detected near the positive electrode. This heterocharge, which disappeared after the sample was dried, was detected again when the sample was soaked in acetophenone after it was put in the desiccator with 100% RH. From this measurement, the author confirmed a salient conclusion obtained in previous research: the heterocharge in the original sample is formed by the combined effect of acetophenone and moisture (1) . This heterocharge was detected also in EPR samples, although the detected charge density was very small. The author concluded that the same mechanism of negative heterocharge generation occurs in EPR. The following reason for the small charge density is inferred: non-crystalline polymer such as EPR was unable to retain space in the portion of generation; consequently, it decayed very quickly.
The change of charge density over time was evaluated to confirm this interpretation. The Fig. 1 shows a comparison of the charge decay of XLPE and that of EPR, which illustrates the great difference of charge decay between XLPE and EPR. The authors consider that this charge decay is closely correlated with crystallinity of polymeric material.
Following the measurements of charge profiles of non-added samples, measurements of space charge profiles were performed on the antioxidant-added samples. Measurements were performed on dried samples, and on samples containing either moisture, or acetophenone. In this experiment, the authors discovered that negative heterocharges are generated both in XLPE and EPR of acetophenone-soaked samples with sulfur-containing phenolic antioxidant, or samples with sulfur type antioxidant. Table 1 illustrates the appearance of heterocharges in XLPE and in EPR, which demonstrates that sulfur atoms, or components containing sulfur atoms, contribute to generation of negative heterocharge.
The negative heterocharges in those antioxidant-added samples are inferred to be generated by the combined effect of acetophenone and the species containing sulfur. One mechanism of negative heterocharge generation is the mechanism in which the antioxidant, containing sulfur, generates some component that might be dissociated to ionic species. Those species are solvated with acetophenone and generate negative ion. However, authors
have not yet obtained data to verify this mechanism. To study the space charge generation in cross-linked polyethylene (XLPE) and ethylene propylene copolymer (EPR), space charge profiles in both materials are measured using PEA method. The experimental results demonstrated that a big difference was discovered in the detected charge profiles between XLPE and EPR. We discovered that the diffusion of charge is significantly faster in EPR than in XLPE. The authors confirmed that the negative hetero-charge is generated near the positive electrode in EPR when moisture are coexisting with acetophenone. The effects of antioxidants on the generation of hetero-space charges in XLPE and EPR are also studied using XLPE and EPR samples containing different kinds of phenolic and sulfur type antioxidant. The authors discovered that hetero-charge is generated in XLPE and EPR containing sulfur type, or sulfur-containing phenolic, antioxidant when acetophenone are existing in the material. The hetero-charge generation is inferred to be caused by the combined effect between acetophenone and the component containing sulfur atoms of the antioxidants.
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N0. Pretreatment Detail of treatment and Inclusions in samples,

１
No treatment
No treatment.
Cross-linking byproducts and moisture are remaining
Moisture is absorbed in the sample after drying,
Moisture is included in samples
３
Soaked in AP
The sample is soaked in acetophenone after drying.
Acetophenone is included in samples M: Moisture AP: Acetophenone Table 9 . Appearance of the heterocharge in EPR containing antioxidant. IEE Japan, 117-A, No.9, pp.915-921 (1997-9) 
